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“Karlsruher Nuklidkarte”: a scientific collaboration

“In science, as with most things in life, it’s amazing what we can achieve when we work 
together. My experience of nuclear research has been that we need only apply ourselves 
in concert to uncover the infinite, minuscule mysteries of the universe.”
Antonino Zichichi, 2009

Bridge between nuclear Science communities
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A Didactic Chart for a Nuclear World

“The Karlsruhe Nuclide Chart is frequently 
used as a ready reference material. This chart is 
also an invaluable teaching aid to explain the 
nuclear properties to students. I am happy to 
share that the Indian Association of Nuclear 
Chemists and Allied Scientists (IANCAS), […] 
has been using this wonderful chart in teaching 
nuclear chemistry to the high school students in 
workshops with great degree of success. Besides 
this, the nuclide chart is a familiar feature in 
many a research nuclear science laboratory in 
BARC.”

Srikumar Banerjee, 
Bhabha Atomic Research Centre, Mumbai 
(India)
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Made by teachers 
More than 350000 copies sold over 50 years Impact?

Unpredicted and 
unexpected facts 

Solar eruption and Cosmic Rays

Widespread applications of Nuclear data and nuclear techniques
Carbon dating or Astrophysics: Where we come from?

A Didactic Chart for a Nuclear World

Knowledge dissemination and scientific popularization
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Nuclear Sciences

” Physics is an incredible rich discipline: it not only provides us with the basic 
understanding of the laws of nature, it also provides the basis of most of 
modern high-technology.”
Abdus Salam, The New Physics, 1998

Particle trajectories

Solar eruption and Earth magnetic field
Gruaud-Larose expertise

DatingNuclear reactions

NGC 3184 in the constellation 
Ursa Major
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“Nuclides, Nuclei and Nucleons”

Description of Atomic and Subatomic systems

Electronic structure of the atoms
Proton and neutron system
Parton (Quark) structure

Stardust?

Natural and artificial nuclides
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“Its ultimate acceptance took well over a decade 
and occurred only after inescapable and compelling 
experimental evidence.” J.I. Friedman
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“…
 

and Neutrinos”

Neutrino: postulated in 1930
Discovered in 1956
KATRIN, KAMIOKANDE, ...
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“The Standard Model”

Matter can be described through combinations of some elementary particles

Additional quarks: hypernuclides with strange quarks
Antiparticles: Antimatter?
Missing mass of the Universe: Dark Matter? SUSY?

Quarks “up” and “down”
protons and neutrons

Leptons
electrons and neutrinos
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“Radioactivities”

The α
 

decay consists in the 
emission of a He nucleus (2p 
and 2n)

The β
 

decay consists 
in the co-emission 
of a lepton and a 
neutrino
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Experimental Developments

Beam development
RIB

Detection techniques
Multidetectors

Joliot-Curies set-upBecquerel 
photographic plate

KATRINGSI (Storage Ring) 
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“Beta process”

Non pre-existing particle
Beta decay of ionized nuclides
Beta delayed emissions

Double beta decay 
“neutrinoless”

TI
M

E electron

proton

neutron

? TI
M

E electron
proton

neutron

anti-neutrino

electronproton

neutron

anti-neutrino

du

u u

boson W-

TI
M

E

electron

anti-neutrino

d

d

boson W-

Super-allowed beta decay: 
CKM matrix test

TI
M

E



ITU Karlsruhe on 11th May 2009- RF Presentation 12

A century of Nuclear Sciences

Mendeleyev table 1869, 
Chemical properties, Mass 
Number

H.Becquerel 1896, discovery 
of radioactivity

http://upload.wikimedia.org/wikipedia/commons/7/74/%D0%94%D0%BC%D0%B8%D1%82%D1%80%D0%B8%D0%B9_%D0%98%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%D0%B8%D1%87_%D0%9C%D0%B5%D0%BD%D0%B4%D0%B5%D0%BB%D0%B5%D0%B5%D0%B2_2.jpg
http://upload.wikimedia.org/wikipedia/commons/a/a3/Henri_Becquerel.jpg
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Isotope Story

Radio-elements and Periodic Law. The neutron was not discovered yet.

With Curie, Rutherford, Fermi, 
Hahn, Wigner, Bohr, knowledge of 
the nucleus structure
Soddy, Moseley, De Hevesy, 
isotopes

F. Soddy

H. Moseley

http://upload.wikimedia.org/wikipedia/commons/d/dd/Henry_Moseley.jpg
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Nuclide :  A type of atom specified 
by its atomic number, Z, mass 
number, A, and energy state. 

Isotopes :  meaning at the same 
place in the periodic table 
nuclides with same Z.

Isotones : nuclides with the same 
N (=A-Z).

Isobars :  nuclides with the same 
A.

The visualisation of the Nuclides
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Nuclide Charts

Representation of nuclides in a 
proton/neutron map system (Fea 1935, 
Seaborg, 1940, Segrè

 
1945) 

G.T.  Seaborg, 1951

E. Fermi and E. Segrè

Segrè chart: Exploration of the 
Chart done in the Fermi team 
with the production of artificial 
nuclides 



ITU Karlsruhe on 11th May 2009- RF Presentation 16

Nuclide Charts

Popular Science, March 1948 

“US Alchemists Make Gold”

785 entries for 96 elements

“All are combinations of only two 
ingredients, protons and neutrons”

W. Riezler, Tabellen und Tafeln zur 
Kernphysik, Ergänzungsband zur 

Einführung in die Kernphysik, 
Bibliographisches Institut, Leipzig,

1942

“Recent experiments indicate that a 
trace of radioactive carbon 14 is 
normally present in the human body”
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W. Seelmann-Eggebert

“El profesor alemán”

1958 first edition of the “Karlsruher Nuklidkarte” W. Seelmann-Eggebert 
and G. Pfennig from the Karlsruhe Radiochemical Institute. 
267 stable and 1030 radionuclides for 4 decay modes 

“Karlsruher Nuklidkarte”

Wall of “Nuclear knowledge”
 

in FZK
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People

G. Pfennig and W. Seelmann-Eggebert,

 

the first two authors 
of the Karlsruher Nuklidkarte with G.T.  Seaborg, Nobel 

Prize winner 1951

Since the first edition from 1958 to 
2008, 7 authors had worked on the 
different editions.

H. Klebe-Nebenius, G. Pfennig and H. Münzel

J. Galy, J. Magill, G. Pfennig (2008)‏

G. Zündel took part to the 2nd

 

edition (1961).
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Discovery of New Nuclide Data

Number of Nuclides for the 7th

 

edition: 2962 ground states and 692 isomers
Progress in nuclear structure knowledge

Number of Nuclides in the KN editions

Between the first edition and the 7th 
edition the number of nuclides has 
increased from 1300 to 3000.  
Theoretical predictions are 
expecting 6000 possible ground-
state nuclides 
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Decay Diagram

Information about decay is synthesized 
in a diagram where you can indicate 
the main characteristics

Colours Decay Modes



ITU Karlsruhe on 11th May 2009- RF Presentation 21

“Karlsruher Nuklidkarte”

Colours Decay Modes

Branching ratios 

Coloured areas
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Karlsruher Nuklidkarte: Th232 decay chain



ITU Karlsruhe on 11th May 2009- RF Presentation 23

2 proton-Radioactivity

Direct observation of 2p in 45Fe:
M. Pfützner, et al., Eur. Phys. J. A 14, 279 (2002). 
J. Giovinazzo, et al., Phys. Rev. Lett. 89, 102501 (2002).

Additional βnp modes
K. Miernik, et al., Phys.Rev. C 76, 041304 

(2007)

Images courtesy of M. Pfützner . 

2p radioactivity:
Short-life nuclides: 6Be, 8C, 12O, 16Ne, …
Excited States (Isomers): 94m2Ag, …
Pure 2p radioactivity: 45Fe, 48Ni, 54Zn, …
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“Driplines”

beta decay on both sides

When number of protons or neutrons are too important unbound nuclides
Undiscovered nuclides up to these driplines
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“Heaviest Elements”

Element up to 102 (Nobelium) 1958‏

2008

Element up to 118 (Ununoctium) ‏
Element 117 has not yet be discovered.
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New full chart soon available

2010: 8th

 

edition

Karlsruher Nuklidkarte 2009

Figure1
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50th anniversary of the “Karlsruher Nuklidkarte”

History
Experimental developments
Quarks and nuclei
Beta decay and neutrinos
Elements and nuclides
Nuclear Data
Applications

50 years  of mapping the nuclear landscape
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Nucleonica Nuclide Explorer
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Nucleonica Wiki Webpage

Translations

Nuclide Chart

An important tool for 
nuclear scientists

Choice of the database & of 
the physics/colour 
scheme

Use of Nucleonica to give 
access to related 
information

More information at 
www.karlsruhenuclidechart.net

http://www.karlsruhenuclidechart.net/
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Frontiers

Needs for Nuclear Data (Computer power)
space exploration, fusion, virus therapy, 
Astrophysics, ...

Nuclear “Renaissance”
Various projects, JEFF(NEA), AIEA

New up-to-date editions (2010)

New world dynamics
India, China, Brazil, Argentina, ...
New facilities (KATRIN, FAIR, …)

Internationalization with 11 languages
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